The crystal structure of katayamalite has been determined by Patterson method and refined by the least-squares method using single crystal diffractometer data, giving R = 0.057 for 5785 reflections. Formula: (K,Na)Li.Ca, (Ti,Fe'+,Mn) Katayamalite is a ring silicate with two-layered structure parallel to (00l), and consists of Si6018 rings connected with Ca-(O,OH) octahedral sheets, and with Ti~O octahedra, Li-O tetrahedra, and 12-fold K polyhedra. The crystal structure of katayamalite is very similar to that of baratovite. However, the distortion in the katayamalite structure results in the lower symmetry of tric1inic system. Half of the motifs of the katayamalite structure and the baratovite structure are similar to that of cordierite, and we can propose the following structure series; beryl-cordierite -katayamalite and baratovite.
Introduction
Katayamalite is a new Ca-Li-Ti silicate mineral found as an accessory mineral in the aegirine syenite from Iwagi Islet, Ehime Prefecture, Southwest Japan. The mineral was described by Murakami et ai. (1983) , who gave crystal and chemical data, optical and physical properties. These data lead to an idealized formula (K, Na) Li3CaiTi, Fe3+, Mnh[Si6018b(OH, Fh One of the uniq1,le features of this mineral is to give a brilliant bluish white color to the ultraviolet ray of a short wave. We have determined the crystal structure of this mineral and confirmed that katayamalite is a ring silicate very similar to baratovite. This paper describes the details of our results.
Experimental
A colorlesscrystal, 0.027 x 0.020 x 0.013 cm in size, wasselectedfor our work.
Cell dimensions were determined using 25 high-angle reflections measured on a Philips PW-II00 single crystal diffractometer. Crystal data are given in Table 1 . Intensity data were collected on the same computer-controlled diffractometer with graphitemonochromated Moka radiation (A.== 0.71069A) and the 0 -20 scan mode. The scan range was 10 < 0 < 300. The reflections of I> 3a(J) were considered to be observed. Absorption was negligibly small. 5785 reflections were used in the structure determination and refinements. Structure detennination and refinement
The structure was solved by interpreting Patterson maps. Patterson sections of (uvlj4) and (uv3j4) gave the image of Ca octahedral sheets, and Si6018 rings could be located by the restriction given by these two sections. The positions of K and Ti atoms were determined by Patterson sections of (uvO) and (uvlj2). The positions of Li and OH were determined by referring to those of Al in the cordierite structure and those of F in the baratovite structure, respectively.
The ideal formula (KO.89Nao.I1)Li3Ca7(Ti1.9sFeo.os)[Sii;OI8b(OH1.76Fo.24)2 was adopted in calculation. Atomic scattering factors used in calculation were taken from the International Tables for X-ray Crystallography IV (1974) . At first, non-centrosymmetric space group Cl was assumed. The coordinates of one of K atoms determined by Patterson section (uvO) were fixed. The refinement was carried out using a block diagonal matrix least-squares program, HBLS, written by Ashida after modifi. cation (Sakurai, 1967) . The final Rand R2 were 0.050 and 0.062, respectively. Based on these results, the previous paper by Murakami et al. (1983) described the space group as Cl.
Later, however, it was found that the structure was nearly centrosymmetric if we chose one of Ca atoms as origin. So we adopted centro symmetric space group .230(7) .405(6) .841(7) 1.00(10) 0(2)
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Discussion
Katayamalite is a ring silicate of two-layered structure parallel to (001). The structure scheme is very simple in spite of the lower symmetry. Fig. 1 shows a partial view of the structure on (001). Pairs of Si6018 rings are superimposed along the c*-axis, and the rotation angle between these two rings is about n°. Note that the motif in Fig. 1 is similar to that of cordierite if K atoms are excluded and the replacement of cations takes place. In this sense, we can propose the following structure series;beryl~cordierite~katayamaliteand baratovite. Fig. 2 represents a projection along the a-axis. Ca atoms lie nearly at z == 0 and 1/2, Ii, Li and K atoms nearly at z == 1/4 and 3/4, and Si atoms nearly at z ==2/14, 5/14, 9/14 and 12/14. Perpendicular to (001), Si6018 rings are connected with Ca octahedral sheets on one side and with Ti octahedra, Li tetrahedra, and 12-fold K polyhedra on the other side.
The structure of katayamalite is very similar to that of baratovite. Baratovite was described by Dusmatov et al. (1975) and its crystal structure was determined by Sandomirskii et al. (1976), and Menchetti and Sabelli (1979) . Its formula: KLi3 (12) 0(4) 3.14(14) 0 (7) 3.15 (10) 0(10) 3.08 ( 8) 0(13) 3.22 (12) 0(16) 3.12(13) 0(19)' 3.07 (13) 0(22)' 3.14(13) 0 (25)' 3.14(12) 0(28)' 3.12(10) 0(31 )' 3.12 ( 8) 0(34 ) = l/2abar. -1 /2bbar. + cbar.
We inspected carefully both structures and found the reason for the tric1inic symmetry of katayamalite. In the baratovite structure, the upper (nearly z = 1/2) and the lower (nearly z = 0) Ca octahedral sheets are restricted by the symmetry condition of C2/c. However, those in the katayamalite structure are distorted slightly and some atoms show deviation of maximum O.1A and do not obey this restriction. Some oxygen atoms in the Si6018 rings also show similar deviation. Thus, the distortion of the structure in such sense is the main reason for the triclinic symmetry of katayamalite.
These two minerals have similar cell volume and layer thickness; the cell volume Si-Si distances
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(1) The Si-O(br) bridging bond lengths are greater than the Si-O(nbr) bond lengths. The mean values are 1.626 and 1.605A, respectively, and correspond to those of baratovite, 1.628 and 1.607A, respectively. This satisfies the prediction derived from Cruickshank's d-p rr model for the crystals contain TO~-groups (Cruickshank, 1961 and Brown et aZ., 1969) . The overall Si-O mean bond length is 1.616A and comparable with 1.618A in baratovite.
(2) The mean Si-Si bond length is 3.l66A and in agreement with 3.151A in baratovite. Recently O' Keefe and Hyde (1978) represented a. histogram showing the distribution of 141 nearest-neighbors Si-Si in various silicates and silicas. It has a pronounced peak at 3.06A and ranges from 2.94 to 3.27 A. Thus, the value found in katayamalite fall on the greater side of the histogram.
(3) The twelve independent Si tetrahedra show O-Si-O angles ranging from 101.5°to 114.5°. These values are in good agreement with those 101.8°and 114.6°, respectively, in baratovite. Among these angles, the smallest angle in each tetrahedron is the one involving two bridging oxygen atoms which are shared with the K polyhedron.
(4) The relationship between Si-O(br) bond lengths and Si-O(br)-Si angles was not clearly oserved. Brown et aZ.(1969) predicted that the Si-O(br) bond lengths and its 7T-bondorder should vary directly with the Si-O(br)~Si angle. On the other hand, O'Keefe and Hyde (1978) have described that Si-O(br) bond lengths do not depend on the Si-O(br)-Si angle when this angle is greater than 145°. Baur (1977) also found that there was only very weak correlation between the Si-O(br) bond length and the Si-O(br)-Si angle. In the case of katayamalite, a clear correlation was not observed, and also Si-O(br)-Si angles ranged from 151.1°to 158.3°and all exceed the value of 145°. Thus the results agree with those obtained by O' Keefe and Hyde (1978) and Baur (1977) .
(5) Brown et al. (1969) We have also found another monoclinic polymorph with a large cell: a 3 x 9.721, b 2 x 16.923, c 19.942A,~104.15°. Diffraction aspect is P*j*. The study of this polymorph will be published in a separate paper.
There is an experimental technique to judge a crystal structure is centric or acentric; second harmonic generation (SHG). We are going to ask some laboratories for obtaining such facilities. Notice, however, that the results of SHG are sometimes not decisive.
